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Abstract.The article deals with the actual problem of one of the tasks of 

realization of personnel provision of a large industrial enterprise. At the 

beginning of the article the comparative analysis of methods of forecasting 

of dynamics of demand for specialists of the enterprise is given. On the 

basis of this analysis the possible approach to the solution of the problem 

of forecasting of personnel needs of an industrial enterprise is suggested. A 

possible formulation of the problem of forecasting the demand for 

specialists is given, the proposed formulation is based on the long-term 

experience of the authors of the article in educational institutions in Russia, 

as well as on the analysis of the data obtained when the authors 

communicate with employees of industrial enterprises. The urgency of 

solving the proposed problem is substantiated and the necessity of using 

fuzzy logic methods is argued. The method of demand forecasting is 

offered, the advantages of which are simplicity of use, sufficient efficiency 

in the presence of a sufficient number of statistics and convenience of 

realization in the form of a software product. The paper concludes with a 

brief assessment of the effectiveness and usability of the proposed method. 

1 Introduction 
 

The economic system of the Russian Federation has long been experiencing an acute 

shortage of specialists in certain professions. In the vast majority of cases, this shortage is 

observed among qualified personnel of technical specialties.  

There is a large amount of research on the topic of solving the problem of staff shortage, 

in particular [1-3]. In most cases, this research contains topical issues related to solving the 

problems of attracting personnel to certain organizations and retaining personnel on these 

approaches. This approach in general can be considered as an attempt to solve the problem 

of sustainable functioning of the enterprise. 

When considering the issue on a more global scale, when it comes to improving the 

quality of the functioning of the training system in order to meet the needs of each sector of 

the economy, such approaches are of little use.  

On the national scale, the shortage of personnel can be assessed only by the available 

vacancies in employment services, while the issue of forecasting changes in this deficit (in 

some cases surplus) remains unresolved. There are approaches to solving this problem in 

both domestic and Western science, in particular, [4] cites the opinion of G.I. Sidunova [5] 
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that there are now several dozens of methods for forecasting staffing needs in the labor 

market, the main ones being as follows: 

• expert method based on the identification of subjective opinions of 

specialists; 

• extrapolation method based on forecasting trends in specific components of 

the labor market; 

• methodsbasedoncorrelations; 

• analytical method, which combines a wide class of various techniques.  

The listed approaches have advantages and disadvantages in relation to each other, the 

application of one or another approach will be conditioned by the specifics of the branch of 

economy of a particular region, for which the forecasting problem is solved. 

Any task related to forecasting in social, economic or socio-economic systems is 

complex due to the fact that such systems are always open, non-linear, have a large number 

of cross-links of their parameters among themselves, as well as links with other systems. 

In this regard, it is necessary to assess and forecast staffing needs, first of all, for 

specific enterprises and, based on the results obtained, to assess the staffing deficit of the 

region and then the country at large. 

2 The task of forecasting demand for specialists 

When solving the problem of determining the dynamics of quantitative changes in the staff 

composition of the enterprise's employees, it can be assumed that the number of factors 

affecting the dynamics is so large that the forecasting task is unsolvable.  

There are a large number of reasons why an employee ceases to work at a particular 

position or at a particular enterprise, for instance: moving to another region, moving to 

another place of work, etc. The reasons for this are: moving to another region, moving to 

another place of work, etc. Such reasons cannot be predicted by any forecasting methods. In 

general, in the total mass of employees of a large enterprise this value will be within the 

statistical error, also this value will correlate with the general socio-economic situation in 

the region, i.e., it will have a "physical" meaning.  

Other factors affecting the dynamics of the staff composition of the enterprise, such as 

mortality, reaching retirement age, etc., can be predicted by various methods and with great 

accuracy.  

Thus, when solving the problem of prediction, it is possible to apply methods that link 

well-defined values with values that can only be defined in formal form, so this paper 

proposes a method of prediction based on the application of fuzzy logic methods. 

Multiyear statistics of changes in the staffing composition of an enterprise (or a specific 

subdivision of an enterprise) is a necessary basis for solving the problem of forecasting 

staffing needs. The statistics can "manifest" the hidden features of specific units that affect 

the dynamics of staffing.  

For instance, the author of the paper teaches a number of disciplines in one of the 

universities of Murmansk region, and works with correspondence students working at a 

chemical enterprise. When communicating with students the following fact was found out - 

the enterprise has a chemical shop with harmful working conditions, work in this shop is 

encouraged by increased pay and other incentive bonuses. In this regard, young people in 

need of their own housing are predominantly employed in this shop. After three to four 

years, such employees acquire their own housing and move to other divisions to maintain 

their health. Therefore, the dynamics of changes in the personnel composition of this shop 

is of a regular character, while in other divisions it is relatively difficult to identify such a 

pattern. 

E3S Web of Conferences 549, 09019 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454909019

2

RETRACTED



We will consider the change in the staff composition of the enterprise subdivision 

presented in Figure 1. Observing the presented dynamics of changes in the personnel 

structure, as well as focusing on the expert opinion of an employee of the personnel 

department and an employee who has worked in the subdivision for a long time, we can 

identify the presence of four-year cycles, in which there is a certain regularity in relation to 

the third year. Such a pattern can be explained by the working conditions in the unit, as in 

the example presented above. 

 

 

Fig. 1. Example of the regularity of changes in the quantitative characteristic of the enterprise's staff 

composition.  

Let us introduce the following notations for the cycles detected in the statistics: 
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Using the basics of fuzzy logic, it is possible to formulate expert statements in natural 

language, the advantage of which is its simplicity and clarity for experts from any 

department of the enterprise. 

These statements are made in the form of rules of IF-THEN format, which link the 

number of employees in certain cycles identified in the analysis of statistics. For example, 
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Any number of such rules can be composed depending on the expert opinion. 

After this stage, all the rules are combined into a network of dependencies, shown in 

Figure 2. This structure in its essence will be an analog of a neural network, the purpose of 

which is to realize the forecast of demand for a certain number of specialists of various 

professions. 

 

 

Fig. 2. Dependency network for forecasting. 

This network shows the interrelation of the expert's opinion, formulated in the form of 

expert-linguistic statements, about the order of cycles of changes in the dynamics of the 

number of employees. In the example shown in this publication, we can observe the 

following fact - for the first two years of the i-th cycle, it is possible to forecast the 

dynamics change for the next four years: for the last two years of the i-th cycle and for the 

first two years of the next i+1 -th cycle. 

Next, let us choose the model of the belonging function describing the "bell-shaped" 

form, which, in the author's opinion, is the most universal, to formalize the previously 

introduced fuzzy concepts: 

𝜇𝑇(𝑥) =
1

1 + (
𝑥−𝑏

𝑐
)
2 (2) 

To further develop the fuzzy inference system, let us denote the range of values of the 

number of employees in accordance with the previously entered designations as x, x . 

Let us denote the linguistic estimates as follows: 

• low– L, 

• below average–bA, 

• average– A, 

• above average–abAand 

• high– H.  

Then, using fuzzy-logic operations of maximization and minimization (maxmin-AND, 

minimax-OR) together with defuzzification operation to transform the membership function 

to a crisp number, the prediction model presented in explicit form is written down. For 
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example, only a part of the model corresponding to the previously shown logical rules is 

given: 
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A model written in this form can only be used to make rough estimates of the number of 

employees forecast. In order to improve the accuracy of the forecast, it is necessary to tune 

the model.  

The method of least squares is well suited for model tuning, genetic algorithms can also 

be used, in this publication tuning methods are not presented, because they are widely 

described in the literature, in particular [6]. 

Figure 3 shows the comparison of the forecasting results with the statistics that was 

used to realize the forecasting model:  

 

 

Fig. 3. Comparison of experimental data and prediction model after tuning 

As can be seen, over time there appears an insignificant deviation, which can be 

considered acceptable, taking into account that the forecast is carried out not for a technical 

object with static characteristics, but for the object of socio-economic sphere. 

3 Conclusions 

It can be concluded from the considered example that this forecasting method is well suited 

for modeling the dynamics of numerical changes in the personnel composition of the 

enterprise. In conclusion, we can conclude that this technology allows you to create a 

predictive neural network and does not require the participation of invited specialists. Also, 

the advantage of the presented method is that with the accumulation of statistics and 

automatic adjustment of coefficients of belonging functions, the model will be adaptive, 

and in theory, the quality of the forecast will increase. 
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